Site-directed mutations of the gatekeeping loop region affect the activity of Escherichia coli spermidine synthase.
Spermidine synthase catalyzes the production of spermidine from putrescine and decarboxylated S-adenosylmethionine (dcSAM), and plays a crucial role in cell proliferation and differentiation. The gatekeeping loop identified in the structure of spermidine synthase was predicted to contain residues important for substrate binding, but its correlation with enzyme catalysis has not been fully understood. In this study, recombinant Escherichia coli spermidine synthase (EcSPDS) was produced and its enzyme kinetics was characterized. Site-directed mutants of EcSPDS were obtained to demonstrate the importance of the amino acid residues in the gatekeeping loop. Substitution of Asp158 and Asp161 with alanine completely abolished EcSPDS activity, suggesting that these residues are absolutely required for substrate interaction. Reduction in enzyme activity was observed in the C159A, T160A, and P165Q variants, indicating that hydrophobic interactions contributed by Cys159, Thr160, and Pro165 are important for enzyme catalysis as well. On the other hand, replacement of Pro162 and Ile163 had no influence on EcSDPS activity. These results indicate that residues in the gatekeeping loop of spermidine synthase are indispensable for the catalytic reaction of EcSPDS. To the best of our knowledge, this is the first functional study on the gatekeeping loop of EcSPDS by site-directed mutagenesis.